Introduction
Species of Heterobasidion (H. parviporum Niemelä and Korhonen and H. annosum (Fr.) Bref.) in forests of northern Hemisphere cause serious economic losses to Norway spruce (Picea abies (L.) H. Karst.) and Scots pine (Pinus sylvestris L.) (Korhonen and Holdenrieder 2005) . Airborne basidiospores of Heterobasidion colonize freshly cut stumps, and from infected stumps these fungi spread along tree roots to healthy adjacent trees (Woodward et al. 1998) . Stumps left after pre-commercial thinning generally have not been considered important for infection (Vollbrecht et al. 1995; Bendz-Hellgren and Stenlid 1998) , although some investigations demonstrated that such stumps, e.g. of spruce, are to certain extent susceptible (Paludan 1966; Berglund et al. 2008) . For example, 55% of pre-commercially cut stumps of spruce (298 examined, diameter 2.4-14.5 cm, tree age 8-15 years) were found to be infected by airborne spores of Heterobasidion in southern Sweden (Gunulf et al. 2012) .
Moreover, more recent study has demonstrated the ability of Heterobasidion to spread from artificially inoculated 2-14 cm spruce stumps to adjacent trees, indicating their silvicultural importance. Moreover, simulation model has demonstrated that predicted probability of airborne infections is likely to increase with increasing stump diameter (Gunulf et al. 2013) .
Available investigations on Heterobasidion infection to small-diameter stumps of Scots pine are also scarce. In East England 2 out of 30 (6.7%) investigated stumps (diameter 5-7 cm) were naturally infected by airborne Heterobasidion spores three years after cutting, while following artificial inoculations to four-year-old stumps, established infections were observed in 20 out of 50 (40%) after 7 months (Rishbeth 1951) . In Finland, airborne infection by Heterobasidion was detected in 47 out of 1375 (3.4%) examined stumps in thinned 10-16 year-old pine stands during two months -one year since cutting (Jokinen 1984) .
Therefore, in order to get more insights into infection biology of Heterobasidion in young plantations of spruce and pine, more investigations are required, in particularly directed towards relative susceptibility of those tree species to primary infections of the disease and subsequent establishment of the pathogen in a stand. Also, more knowledge is needed to answer the question, how those processes are influenced by stump diameter / tree age. The results might potentially have certain silvicultural implications, e.g. which species to prefer for planting in certain areas, what density, at which diameter first thinnings should be carried out, and whether stumps should be treated against Heterobasidion.
So far, in this respect only a single study is available for stumps of spruce (Gunulf et al. 2013 ), but none for pine. The aim of the study was to investigate relative susceptibility of stumps of spruce and pine to airborne infections by Heterobasidion following pre-commercial thinnings in relation to diameter of cut stumps, stump age and tree age. To achieve this, the proportions of infected stumps and colonized stump surface areas were measured and analysed in a number of stands of both tree species.
Materials and methods
Experimental plots were established during June-September in 2006-2013 in seven plantations of Norway spruce, and nine plantations of Scots pine established on former forest land located in eastern Latvia (52°42´N, 25°50´E) within a radius of 10 km. Previous forest generation consisted either of birch (in 4 plots of spruce and 2 pine) or pine (in 2 of spruce and 7 pine) (information for one plot unavailable). Age of the stands was 10-39 years (Table 1) , and plot area 0.7-3.5 ha. In each plot, 53-194 trees were cut using a chainsaw. In total, 746 and 1063 trees were cut, respectively of spruce and pine (Table 1) , during June-September. Height of stumps was 20-50 cm, diameter 1.5-12.1 cm (Table 1) , and none of them showed decay symptoms.
The stumps were sampled ca. 7-260 weeks after cutting (Table 1) . Two 3-4 cm thick discs were cut from each stump with a chainsaw. The first (top) disc was discarded and the second disc was taken to laboratory. There the discs were debarked, washed with a stiff brush under running tap water and placed in loosely closed plastic bags. After incubation for 5-7 days at room temperature a grid consisting of 0.5 cm 2 squares was fixed on to the lower side of the disc (stump cross section). Discs were examined for the presence of Heterobasidion conidiophores, using a dissection microscope at 20-30 times magnification. Grid squares where conidiophores were found were marked on the disc. The number of marked squares was counted, and the surface area (cm 2 ) of wood colonized by Heterobasidion on stump cross-sections was estimated (Kenigsvalde et al. 2016) .
Among all examined stumps, 184 (25%) spruce and 105 (10%) pine stumps were Heterobasidion-infected, and subsequently included into the further analyses (Table 1) . Infection frequencies (number of infected stumps) between tree species were compared using a chi-square test. Interspecific comparison of cross-section surface areas colonized by Heterobasidion in spruce and pine was accomplished using non-parametric Mann-Whitney test. Correlations between stump diameter and infection frequency, stump surface colonized by Heterobasidion, and stump age (time since cutting) were calculated. Tests were performed in RStudio (R Core Team 2015).
Results
Examined stands of spruce were older than those of pine, and the difference was statistically significant (Table 1) . However, there were no interspecific differences neither between the age of sampled stumps, nor between their diameter. As our sample plots were located within a radius of ca. 10 km, this provides certain background for comparison of both frequencies of Heterobasidion infection and the extent of surface colonization in stumps of spruce and pine. Pooled analysis of Heterobasidion infection frequencies detected on former birch (703 stumps) and pine (1018 stumps) sites demonstrated that, respectively, 97 (13.8%) and 118 (11.6%) of those were infected, thus more often on birch than on pine sites, although the difference was non-significant (chi-squared test, p = 0.17). Despite compact geographic area, the infection frequency varied greatly between stands, ranging in the seven spruce stands from 1.3 to 84.9% (mean 25%), and in nine pine stands from 0 to 36.9% (10%), and the difference was statistically significant (Table 1) . Significantly larger proportion of spruce stumps were infected as compared with pine stumps (Table 1) . In both tree species, infection frequencies were significantly higher in stumps of larger diameter, more evidently in pine than in spruce (Fig. 1 ). In spruce, higher incidence of infection was observed in younger stumps (p < 0.001), while no relationship was found between infection frequency and stump age in pine (p = 0.23). Stump age did not have significant effect on surface colonization area neither in spruce (r = 0.08, p = 0.27), nor in pine (r = 0.18, p = 0.06). There was no correlation between colonized stump surface area and tree age neither in stumps of spruce (r = 0.09, p = 0.23) nor pine (r = 0.01, p = 0.92). The area varied between 0.5-55.4 cm 2 (mean 7.5 cm 2 ) in spruce and between 0.5-53.9 cm 2 (4.1 cm 2 ) in pine, and the difference was statistically significant (Table 1) . There was a clear statistically significant trend to observe larger Heterobasidion colonies in stumps of larger diameter for both tree species, and this trend was more sharply pronounced in spruce (Fig. 2) . The proportion of colonized stump surface area varied between 0.4-68.9% (mean 21.7%) in spruce stumps, and between 0.8-81.1% (11.0%) in pine stumps, the difference being statistically significant (Table 1) .
Discussion
Since there were no records of dieback in previous generation stands and there was no difference in Heterobasidion incidence on former birch (previous generation non-susceptible to spore infections) and pine sites (potentially susceptible), presented data presumably reflects prevailing primary (airborne) infections. The results support findings of few available related studies. Similarly, Rönnberg et al. (2006) reported infection frequency of Heterobasidion to pine stumps in adjacent stands to be highly variable, 3.3-46.7%. Such high variation could probably be explained by eventually scattered distribution of Heterobasidion sporocarps in investigated areas (as typically this is the case). It is known, that although airborne spores of the fungus have potential to spread over 100s of kilometres, prevailing majority of them land in the vicinity of a sporocarp (Rishbeth 1951; Stenlid 1994) . That spruce stumps are more prone to Heterobasidion than pine has been previously observed in another Latvian study (Kenigsvalde et al. 2016) , where in mixed stands primary infections by Heterobasidion were observed in 81-85% of spruce stumps, compared with 0-14% of pine. More frequent infections to larger stumps have also been previously reported both in spruce (Paludan 1966; Solheim 1994; Bendz-Hellgren and Stenlid 1998) and pine (Rishbeth 1951) . Colonized surface area detected in this work is also comparable with the limited data available so far: Gunulf et al. (2012) found average area of 3.5 cm 2 in 10 examined pre-commercially cut spruce stumps after 2 months since cutting, mean proportion constituting 11.7% of the surface. High variability in area of colonized stump wood has been noted even in artificially basidiospore-inoculated stumps, as e.g. of Sitka spruce (0.02-56.6%) (Morrison and Redfern 1994) and lodgepole pine (3-96%) (Redfern 1982) .
In conclusion, the present study demonstrated that in the investigated area in pre-commercially cut stumps: i) both Heterobasidion infection frequency and the extent of surface colonization correlated positively with stump diameter of both spruce and pine; ii) spruce stumps were significantly more often subjected to primary infections than pine stumps; iii) the pathogen exhibited more extensive surface colonization of spruce stumps than of pine stumps.
